objective Diabetes is a major and fast-growing public health problem in Southeast Asia. We determined the prevalence of pre-diabetes and diabetes and assessed the levels of awareness, treatment and control in Lao People's Democratic Republic (PDR).
Introduction
Chronic non-communicable diseases (NCDs) have become an enormous health burden in low-and middleincome countries [1] . The scale of the increase of NCDs can be particularly observed in Southeast Asia, such as in Lao People's Democratic Republic (PDR), which has a limited budget to combat the growing NCD epidemic [2] . Lao PDR is ranked a lower middle-income country, with a population of 6.8 million people [3] . Non-communicable diseases such as diabetes and cardiovascular diseases are the main causes of morbidity and mortality for the Lao population [4] . There is a lack of national data on the prevalence and correlates of diabetes in Lao PDR.
Global age-standardised diabetes prevalence increased from 4.3% in 1980 to 9.0% in 2014 in men, and from 5.0% to 7.9% in women, with a larger rise in diabetes prevalence in low-income and middle-income countries than in high-income countries [5] . In low-and middleincome countries, e.g., the prevalence of diabetes in Thailand increased from 7.7% in 2004 to 9.9% in 2014 [6] , in China the prevalence of diabetes was 11.6% (pre-diabetes 50.1%) in 2010 [7] , in Ethiopia 3.3% [8] , in Guinea 5.7% [9] , in Malawi 5.6% (pre-diabetes 4.2%) [10] , and in Uganda 1.4% (pre-diabetes 2.0%) [11] . The WHO Diabetes 2016 Country Profile for Lao PDR reports a diabetes prevalence of 5.6% in the general adult population [12] . In a local study among rural older adults (60 years and older) a prevalence of 18.3% of diabetes was found in Laos [13] . Population-based epidemiological data on the national prevalence and correlates of diabetes in Laos are scarce.
The proportion of undiagnosed diabetes has been reported to be high, e.g. 69.8% in China [7] , 51.2% for men and 41.3% for women in Thailand [6] , 56% in Guinea [9] , and 48.9% in Uganda [11] . The proportion of diabetics receiving treatment and those treated and achieving adequate glycaemic control is low, e.g. in China, only 25.8% received treatment for diabetes, and only 39.7% of those treated had adequate glycaemic control [7] .
The risk of type 2 diabetes is linked by a combination of genetic and metabolic factors [14] . 'Ethnicity, family history of diabetes and previous gestational diabetes combine with older age, overweight and obesity, unhealthy diet, physical inactivity and smoking to increase risk' [14] . Sociodemographic risk factors of diabetes include older age [7, 11] , male sex [9] , lower education [6] , urban residence [7, 8] or rural residence [9] . Health variables associated with diabetes include central or abdominal obesity [8, 9, 11] , overweight [8] , hypertensives [8, 9] and hypercholesterolaemia [9] , unhealthy diet such as inadequate fruit and vegetable consumption [15] , sedentary behaviour [16] and no alcohol use [8] .
The aim of this study was to assess the prevalence of pre-diabetes and diabetes and the levels of awareness, treatment and control in Lao PDR.
Methods

Study design and participants
A multistage cluster sampling method was used to select adults aged 18-64 years for the Lao STEPS Survey in 2013. First, all villages were classified as urban or rural based on list of villages available from Lao Statistical Bureau, and 175 sampled villages were selected as the Primary Sampling Unit (PSUs) using the Probability Proportional to Size (PPS) sampling method. Second, in each village, 15 households were selected as the Secondary Sampling Units (SSUs) using systematic random sampling by the Survey team in fieldwork. Only one eligible participant aged between 18 and 64 years in the sampled households was recruited for the survey by using the Kish sampling method and using the automated programme for Kish selection in the handheld Personal Digital Assistant (PDA). In total 2560 Lao residents were randomly selected for participating in this survey, data from 24 respondents were excluded due to missing data on age, and 2492 had complete diabetes measurements. The response rate for STEP 1 and 2 was about the same: 99.2% (2519), and for STEP 3 it was 98% (2469).
The protocol of the STEPS survey was reviewed and approved by the National Ethical Committee for Health Research, which gave clearance in accordance with regulations in force (Deliberation No. 019/NECHR of 03 January 2013). Informed consent was systematically sought from all participants. Our research was authorisied by the General Directorate of Lao Tropical and Public Health Institute. The confidentiality of study participants was fully respected and the analyses performed did not identify any participant.
Measures
Three steps were taken, following the WHO STEPS method [17] : step 1, questionnaire interview; step 2, anthropometric and BP measurements; and step 3, biochemistry tests. For step 1, handheld devices loaded with eSTEPS software and WHO STEPS questionnaire were used by trained data collectors at respondents' residences. Questions included tobacco use, alcohol consumption, dietary habits, the amount of physical activity (PA), raised total cholesterol (TC), cardiovascular diseases and sociodemographic profiles. Participants were asked about their history of raised blood pressure or blood glucose and treatment. Show cards on different types of tobacco products, alcohol, physical activities and servings of fruits and vegetables were used to facilitate understanding the questions.
Daily fruit and vegetables (FAV) intake were calculated from the number of servings of FAV consumed per day in a typical week. PA level was calculated from the duration of moderate and vigorous physical activities, whether at work, transport and recreation in a typical day and week. Physical activity levels were classified into low, moderate and high, as per WHO Global Physical Activity Questionnaire [18] . The amount of alcohol consumption per week was assessed by asking participants how many drinks of any 'standard' alcoholic beverages they had on each day of the past 7 days. Those who consumed >7 (females) or >14 (males) standard drinks in the past week were considered problem drinkers [19] .
Steps 2 and 3 were conducted at the village, the field survey team coordinated with the village authority for selecting the appropriate place for steps 2 and 3. It involved taking anthropometric measurements, fasting blood samples, total cholesterol and High-Density Lipoprotein cholesterol (HDL) by trained health staff and research assistants using WHO STEPS standard methodology.
Step 2 involved taking height, weight, waist circumference and BP measurements. The Boso Medicus Uno automatic BP monitor was used to take readings of the participants' BP. Three BP readings were taken with 3 min interval. Three sizes of cuff were provided to ensure the best possible readings were taken.
Participants' weight was measured with pre-calibrated electronic weighing scale SECA 872, they had a range difference of 0.05-0.1 kg between the calibrated weights and displayed values. Participants' height was measured by using a wall-mounted stadiometer.
Body mass index (BMI) was calculated as weight in kg divided by height in metre squared and classified according to Asian criteria: normal weight (18.5 to <23.0 kg/ m 2 ), overweight (23.0 to <25.0 kg/m 2 ) and 25+ kg/m 2 as obese [20] . Central obesity was defined as Waist Circumference (WC) 90 cm or more in men and 80 cm or more in women [21] .
From the three measurements of each systolic and diastolic blood pressure average blood pressure was calculated arithmetically. Raised BP is defined as systolic BP ≥ 140 mm Hg and/or diastolic BP ≥ 90 mm Hg or where the participant is currently on antihypertensive medication [22] .
Step 3 involved taking biochemical measurements; fasting blood samples, total cholesterol and High-Density Lipoprotein cholesterol (HDL) using Cardiocheck PA blood meter and using a capillary drop of blood from their fingers. Raised cholesterol was defined as having raised fasting TC ≥5.0 mmol/L or currently on medication for raised cholesterol. Diabetes was defined as fasting plasma glucose levels ≥ 7.0 mmol/L (126 mg/dl); or using insulin or oral hypoglycaemic drugs; or having a history of diagnosis of diabetes, and pre-diabetes as fasting plasma glucose levels 6.1 to <7.0 mmol/l) [5] .
Data analysis
Post-stratification weighting accounted for population distribution by districts, gender and age groups from the national population census projection for 2012 based on the Lao PDR National Census conducted in 2005. Individual weighting was performed with the inverse of the probability of selection for each respondent, which was considered as the weight for the individual household. Descriptive statistics on frequency, weighted prevalence and 95% confidence intervals (CI) were performed for sociodemographic and risk factor variables. Multinomial logistic regression was conducted to assess associations between sociodemographic factors, health variables and pre-diabetes and diabetes (with normoglycaemic status as reference category). Multinomial regression was used because the dependent variable has two levels. All analyses were adjusted for the multistage sample design and conducted with STATA software version 13.0 (Stata Corporation, College Station, TX, USA).
Results
Sample characteristics and prevalence of hyperglycaemia
The total sample comprised 2492 individuals aged 18-64 years, (59.7% females; mean age 38.9 years, SD = 12.3) from Lao PDR. Overall, 5.7% of the population had diabetes, 4.7% of men and 6.4% of women, and 2.3% had pre-diabetes, 1.8% of men and 2.6% of women. Table 1 summarises the sociodemographic and health characteristics of the sample and by hyperglycaemic status. In bivariate analyses, the hyperglycaemic status did not differ by sex, urban-rural residence, education, employment status, fruit and vegetable consumption, high sitting time, current tobacco use and problem drinking. The prevalence of pre-diabetes and diabetes was higher in older aged, in the Lao-Tai group, in those with general obesity and central obesity, those who engaged in low or moderate physical activity, in hypertensives and those with dyslipidaemia, while diabetes was higher in those who were separated, divorced or widowed (Table 1) .
Awareness, treatment and control of diabetes Only 14.1% of the population sample indicated that they had ever their blood glucose measured by a health-care worker. This was higher in urban (20.9%) than rural (10.9%) dwellers (P < 0.001), and among female (16.6%) than male (10.5%) participants (P < 0.001). Among those with diabetes, 58.1% were aware of their diabetes status, 40.3% were taking treatment and 10.9% had controlled diabetes. Women participants were aware of their diabetes status and were taking treatment more often than men, while there was no sex difference Table 3) .
Discussion
In this first nationally representative population-based survey on diabetes in Lao PDR, the age-adjusted prevalence of diabetes in adults (18-64 years) was 5.7% (pre-diabetes 2.3%) in 2013, which is lower than the global age-standardised diabetes prevalence (9.0% in men and 7.9% in women) [5] , in China (11.6%) [7] , and in Thailand (9.9%) [6] , but similar to the prevalence in Guinea (5.7%) [9] and Malawi (5.6%) [10] and higher than in Ethiopia (3.3%) [8] and in Uganda 1.4% [11] . The lower rate of diabetes found Laos compared to its neighbour Thailand may be explained by a younger age structure, lesser degree of urbanization and less extensive lifestyle change (e.g., still more physically active and lower rate of obesity) in Laos compared to Thailand [6] . This study found a high proportion of undiagnosed diabetes (41.9%), similar to findings among women in Thailand (41.3%) [6] , but generally better than in China (69.8%) [7] , Guinea (56%) [9] , and Uganda (48.9%) [11] . The proportion of diabetics receiving treatment in this study (40.3%) was higher than in China (25.8%) [7] , but only 26.4% of those treated had adequate glycaemic control, vs. 39.7% in China [7] . Women and older people were aware of their diabetes status and were taking treatment more often than men and younger people, whereas there were no sex and age differences regarding controlled diabetes. There were no significant urban-rural differences concerning awareness, treatment and control of diabetes. The lack of awareness may be due to poor access to health services; only 14.1% of the population sample indicated that they had ever their blood glucose measured by a health-care worker. Implications may be that patients with diabetes may present late at the health facility, some may already have complications because of diabetes [11] . These findings seem to suggest awareness, treatment and particularly control of diabetes needs to be seriously improved, especially among men.
This study found, in agreement with various studies [7, 11] that older age was associated with diabetes. Unlike some previous studies [6] [7] [8] [9] , this study did not find significant gender, education and urban-rural differences in the prevalence of diabetes. Although this study found that the prevalence of diabetes decreased from 6.4% and 6.7% among those with no or up to primary education to 3.9% among those with secondary or more education, this was not found significant. This may be because the secondary or more education group in this study consisted only of less than one-third of the total population. In bivariate analysis, the prevalence of diabetes was higher in the Lao-Tai ethnolinguistic group (6.9%) than in other groups (2.8%).
Among the different ethnic groups in Laos, the Lao-Tai have the highest educational levels and lowest poverty rates [23] . The higher degree of epidemiological transition among the Lao-Tai may contribute to the higher rate of diabetes.
Consistent with previous studies [8, 9, 11] , this study found an association between central or abdominal obesity, hypertension, hypercholesterolaemia and diabetes, reflecting major modifiable cardio metabolic risk factors [9] . This combination of cardiometabolic risk factors calls for a multiple rather than single risk intervention approach in this population. Unhealthy diet, physical inactivity and smoking increase the risk for diabetes [11, 15] , while we only found an association between low or moderate physical activity and diabetes. The Lao Ministry of Health Approved NCD policy and multisectoral action plan for prevention and control of NCDs 2014-2020, includes the Vientiane Healthy City project as a Model for Multi-sectoral Action on NCDs Prevention and Control, the WHO package for essential non- [24] . As a lowresource country, Laos 'does not allocate sufficient resources for an integrated NCD prevention and control programme' [25] .
Study limitations
Apart from blood chemistry, anthropometric and blood pressure measurements, a study limitation was that all the other information assessed in this analysis was based on self-reporting. It is possible that certain behaviours were over or under reported. Further, it was a cross-sectional study and causal relationships between risk factors and the development of diabetes cannot be established. Another limitation was that the study population did not include persons 65 years and older; a higher prevalence of diabetes could have been expected in the older age group.
Conclusion
The study found a moderate prevalence of diabetes in a representative sample of the general adult population in Lao PDR. Two in five of diabetics were aware and treated and a minority controlled. Several risk factors, including sociodemographic variables (older age), body weight status (central obesity), health behaviour (low or moderate physical activity), having hypertension and dyslipidaemia were identified which can help in guiding intervention programmes. Interventions programmes operating at multiple levels are urgently needed to increase awareness of diabetes, access to diabetes treatment and effective community-wide health behaviour interventions for diabetes prevention and control.
